Francisella tularensis is a zoonotic, gram-negative bacterium that causes tularemia in humans. Depending on its subspecies and the route of transmission, mild to lethal courses have been reported. 
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Abstract
Francisella tularensis is a zoonotic, gram-negative bacterium that causes tularemia in humans. Depending on its subspecies and the route of transmission, mild to lethal courses have been reported. F. tularensis subsp. holarctica is the only subspecies found in Europe and affects a plenitude of vertebrates including lagomorphs and rodents. Population outbreaks of certain rodent species are likely to be involved in the transmission of this pathogen. This molecular survey aims to evaluate the presence of F. tularensis in small mammals from three Central European countries. Using a real-time polymerase chain reaction, F. tularensis DNA was detected in common voles (Microtus arvalis) from Switzerland and in field voles (Microtus agrestis) and a bank vole (Myodes glareolus) from Germany, but not in any other small mammal species. All common voles from the Czech Republic were negative for F. tularensis DNA. The prevalence in the three vole species varied between 1.3% and 3.0%. In conclusion, Francisella tularensis DNA was detected in three vole species in two of three countries investigated. The observed low prevalence raises questions on the role of voles for the transmission of Francisella tularensis in Central Europe.
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| INTRODUCTION
Tularemia is a zoonotic disease in humans with a flu-like onset. Later, symptoms differ depending on the route of pathogen entry. The disease is caused by the gram-negative bacterium Francisella tularensis, which can infect a broad range of invertebrates and vertebrates. In Europe, rodents and lagomorphs are thought to act as main amplification hosts (Rossow et al., 2014) . Transmission to humans can occur through contact with infected mammals, arthropods or contaminated water (Luque-Larena et al., 2017) . The objective of this molecular survey was to evaluate the occurrence of F. tularensis in small mammals, and voles in particular, in Central Europe. (Fischer et al., 2018) . DNA was isolated from spleen tissue samples using QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) and analyzed by a real-time polymerase chain reaction (PCR) assay targeting the F. tularensis-specific tul4 gene (Versage, Severin, Chu, & Petersen, 2003) . A conventional duplex PCR was used for the identification of subspecies holarctica (Fabbi, Prati, & Genchi, 2016 ).
| MATERIAL AND METHODS
An isolation attempt using spleen tissue was performed on cysteine heart agar at 37°C and 5% CO 2 (Tomaso et al., 2018) . The 95% confidence interval (CI) was estimated using the statistical software package R (http://www.r-project.org).
| RESULTS
A total of 767 small mammals were collected for this molecular survey, with 151 common voles originating from Brno, Czech Republic, 347 small mammals from Germany and 269 voles of four species from Switzerland (Table 1) . Nine out of 737 (1.2%, CI: 0.6-2.3%) small mammals were tested to be positive for F. tularensis DNA (Table 1) . Subspecies identification revealed exclusively F. tularensis subspecies holarctica. The isolation attempt failed for all samples (data not shown). In Switzerland five of 167 (3.0%, CI: 1.0-6.8%) common voles were found to be Francisella DNA positive (Table 1) , whereas in Germany none of the common voles, but three of 104 (2.9%, CI: 0.6-8.2%) field voles and one of 78 (1.3%, CI: 0.0-6.9%) bank voles were found to be Francisella DNA positive (Table 1 and Supporting Information Figure S2A ). All common voles from the Czech Republic were tested negative. Positive animals were all trapped in fall 2014 (Supporting Information Figure S2A and S2B). In Germany only animals from one of three grids at Gotha, Thuringia, in grassland habitat with a nearby forest, were found to be positive.
All animals from the other grids in Gotha and the other sites in
Mecklenburg-Western Pomerania and Baden-Wuerttemberg were negative (data not shown).
| DISCUSSION
The detection of Francisella DNA in common vole, field vole and bank vole is in agreement with previous studies in Germany and Finland (Kaysser et al., 2008; Rossow et al., 2014) , and confirms the susceptibility of these vole species for F. tularensis subsp. holarctica.
Its detection in voles from Germany and Switzerland is also in line
with its previous detection in potential vectors and reservoirs in these countries and an increasing incidence of human tularemia cases (Kaysser et al., 2008) . However, in Switzerland F. tularensis was detected before in house mice (Mus musculus domesticus), but not in voles (Origgi, Konig, Lindholm, Mayor, & Pilo, 2015) . In contrast to an earlier detection of this pathogen in a common vole in the Czech Republic (Treml et al., 2001) , the current investigation failed to detect any Francisella DNA in common voles from this country. This finding might be explained by a focal occurrence of the pathogen (Pavlovsky & Levine, 1966) . Similarly, Francisella DNA was detected only in voles from one of three grids in Thuringia, but not in Baden-Wuerttemberg, although human tularemia cases were reported in 2014 from both German federal states (Robert KochInstitut, 2015) . A similar spatial Francisella occurrence was observed in a study in Sweden where subpopulations of F. tularensis could only be detected within areas of 2 km 2 (Svensson et al., 2009 ).
The average prevalence of F. tularensis in this study was 1.2%, which is comparable to results of studies in wild small mammal populations in Finland and Iran during non-outbreak situations with prevalences ranging from 0.9% to 1.9% (Mostafavi et al., 2018; Rossow et al., 2014) . In case of known foci or recent outbreaks of F. tularensis in China, Germany and Spain prevalence may reach 4.8%-20% depending on area and rodent population dynamics (Kaysser et al., 2008; Rodriguez-Pastor et al., 2018; Zhang et al., 2006) . In our study the prevalences in bank voles (1.3%), field voles (2.9%) and common voles (3.0%) were lower than the prevalences observed during an outbreak study in Lower Saxony, Germany, with prevalences of 4.5%, 10% and 8%, respectively (Kaysser et al., 2008) . The highest prevalence in common voles was measured during a recent tularemia outbreak in Spain with 34% (Rodriguez-Pastor et al., 2018).
The failure of the isolation attempt might have been caused by our workflow including snap-trapping and freeze-thaw-cycles of carcasses and spleen samples. Previous isolation attempts using fresh spleen samples from hares demonstrated the successful performance of the isolation protocol in general (Tomaso et al., 2018) .
In conclusion, this study detected Francisella DNA in voles of three species in Germany and Switzerland. 
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